The prognostic significance of the variety of changes in the internal auditory meatus (IAM) caused by vestibular schwannoma was retrospectively analyzed in 69 consecutive patients with vestibular schwannoma. Preoperative bone-window computed tomography was used to classify IAM changes into extensive destruction (17%), widening (46%), and normal IAM (36%). Extensive destruction (47 ± 19 years) and widening (48 ± 13) occurred in significantly younger patients than normal IAM (59 ± 9). Preoperative hearing was significantly more severely disturbed in patients with extensive destruction than in those with widening or normal IAM. IAM change was significantly related to the tumor consistency, as normal IAM was more common in patients with cystic tumor than in those with solid tumor. Postoperative hearing and facial function were worse in patients with severe IAM change, although the relationship between the IAM change and the surgical result was not significant. One patient with extensive destruction developed postoperative cerebrospinal fluid (CSF) leakage through the air cells around the IAM, and needed surgical repair. Severe IAM change occurs with solid tumor and causes severely disturbed preoperative hearing in younger patients, which reflects the tumor aggressiveness. Severe IAM change increases the technical difficulty of tumor removal and the risk of postoperative CSF leakage, and is associated with a poorer prognosis for patients with vestibular schwannoma.
Introduction
Vestibular schwannoma originates in the Schwann cell-glial junction lateral to the porus acusticus 24) and continues to grow in the internal auditory meatus (IAM). Long-standing growth of the intrameatal tumor may cause changes in the IAM, appearing to various extents and outlines. Normal IAM is found in 10% of surgically verified tumors, 25) whereas extensive destruction of the IAM is often found with medium size tumors.
2) The change in the IAM may reflect the tumor characteristics, affect surgical planning, and determine the prognosis. The prognostic significance of change in the IAM was retrospectively investigated in 69 consecutive patients with vestibular schwannoma.
Materials and Methods
This study included 69 patients with vestibular schwannoma, 33 males and 36 females aged 8-72 years (mean ± SD 52 ± 14 years), who underwent tumor removal via the retrosigmoid suboccipital transmeatal approach. Patients with neurofibromatosis type 2 were excluded.
Preoperative bone-window computed tomography (CT) (1.0 mm or 1.5 mm slice thickness) was used to classify the change in the IAM due to vestibular schwannoma into extensive destruction, widening, and normal (Fig. 1) . Extensive destruction was defined as extensive destruction of the petrous bone around the IAM and complete loss of the original outline. Widening was defined as asymmetrical widening of the IAM ipsilateral to the vestibular schwannoma compared with the contralateral IAM, but with preservation of the original outline. Normal was defined as symmetrical IAMs on both sides with a difference in the diameter of the bilateral IAMs of less than 2 mm. 8, 28) The medical records, magnetic resonance (MR) imaging, and CT of the 69 patients were retrospectively studied to analyze the clinical presentation, neuroimaging characteristics, pneumatization near the IAM, and the result of tumor removal. The relationships between the IAM change and these parameters were evaluated. The data were statistically analyzed using the chi-square test for independence and one-factor analysis of variance followed by Fisher's protected least significant difference. (Table 1) Twelve of the 69 tumors (17%) showed extensive destruction, 32 (46%) showed widening, and 25 (36%) were normal. Patients with extensive destruction and widening were significantly younger than patients with normal IAM. Extensive destruction showed female predominance (male:female ＝ 1:2), but not significantly. The preoperative hearing level of the pure-tone average (PTA) in 69 patients was 59 ± 29 dB. Patients with extensive destruction had significantly more disturbed hearing than patients with widening or normal IAM.
Results

I. Clinical presentations
Thirty-six of 63 patients (57%) presented with trigeminal nerve dysfunction. The incidence of the trigeminal nerve dysfunction was 7/12 (58%) with extensive destruction, 17/32 (53%) with widening, and 12/25 (48%) with normal, showing no significant difference. None of the 69 patients had preoperative facial nerve paresis.
II. Neuroimaging characteristics and pneumatization (Table 2) Preoperative MR imaging was used to determine the size and the consistency of tumor. The mean tumor size measured by the maximal diameter of the extrameatal tumor was 29 ± 14 mm. The tumor size was not significantly different between three patient groups. The tumor consistency was classified into either cystic (19%) or solid. A cystic tumor consisted mainly of either a large cyst or multiple cysts. A solid tumor showed either no cyst formation or only minimal cyst formation. Cystic tumors were significantly more common in patients with normal IAM (40%) than in those with extensive destruction (8%) or widening (6%) (Figs. 2 and 3).
Preoperative bone-window CT of the skull base was used to determine pneumatization near the IAM, i.e., pneumatization in the posterior wall of the IAM and in the petrous apex (Fig. 4) . The IAM posterior wall was pneumatized in 13 of 69 patients (19%). The incidence of pneumatized posterior wall was not significantly different between three patient groups. The petrous apex was pneumatized in 20 of 69 patients (29%). The incidence of the pneumatized petrous apex was not significantly different between the three groups. (Table 3) The tumor was removed either totally or neartotally 12) in 64 of 69 patients (93%). The tumor removal was subtotal (º95% removal of tumor) 12) in five patients, one with extensive destruction, two with widening, and two with normal IAM. The incidence of subtotal removal was not significantly different between the three groups.
III. Results of tumor removal
Hearing was preserved postoperatively in eight of 69 patients (12%), Class A or Class B according to the guidelines of the Committee on Hearing and Equilibrium of the American Academy of Otolaryngology-Head and Neck Surgery Foundation (1995), 5) i.e., the PTA was Ã50 dB and the speech discrimination score was AE50%. Hearing was preserved in none of 12 patients with extensive destruction. However, the incidence of the hearing preservation was not significantly different between the three groups.
The facial nerve was anatomically preserved during tumor removal in 64 of 69 patients (93%). The rate of facial nerve anatomical preservation was not different between the three groups. The facial function 1 year after tumor removal was good (HouseBrackmann grades 1-2) 10) in 59 of 69 patients (86%). The rates of the postoperative good facial function in patients with extensive destruction (75%) and widening (84%) were lower than in patients with normal IAM (92%), but the difference was not significant.
Cerebrospinal fluid (CSF) leakage occurred in three patients. Two patients developed CSF leakage through the mastoid air cells exposed by the suboccipital craniotomy, and were treated only by lumbar CSF drainage. One patient with extensive destruction developed CSF leakage through the air cells around the IAM (Fig. 5) . Lumbar CSF drainage did not cure the leakage, so surgical repair was performed.
Discussion
Changes in the IAM caused by vestibular schwannoma show great variation in extent and outline. Several complicated diagnostic classifications have been proposed including types such as erosion, flaring, asymmetrical widening, and shortening of the posterior wall of the IAM. 8, 27) However, MR imaging has diminished the diagnostic significance of the IAM change and the necessity for complicated classification. To evaluate the prognostic significance, we simply classified IAM changes in our 69 patients with vestibular schwannoma into three types, extensive destruction, widening, and normal.
Both extensive destruction and widening occurred in significantly younger patients than normal IAM. Vestibular schwannoma in younger patients presents with more aggressive characteristics including faster growth 18) and hypervascularity. 15, 30) The tumor aggressiveness is related to the severe IAM changes seen in younger patients. 17) The preoperative hearing loss was significantly more severe in the patients with extensive destruction than in those with widening or normal IAM. Hearing loss due to vestibular schwannoma is caused by either ischemia of the cochlea 20, 23) or a conduction block of the cochlear nerve. 4, 14) The cochlea is supplied by the branches of the labyrinthine artery that often have no anastomosis, so a compromise of the artery in the IAM results in ischemia of the cochlea. Minimal compression of the cochlear nerve also causes conduction block of the nerve. 4) A large intrameatal tumor, associated with extensive destruction, increases the pressure in the meatus, which compromises the labyrinthine artery and causes compression of the cochlear nerve.
The IAM change was not related to the size of extrameatal tumor, but was significantly related to the tumor consistency. A solid tumor causes severe IAM change more often than a cystic tumor. A cystic tumor grows rapidly by the expansion of the cystic components, 3, 6, 11) which explains the rareness of severe IAM change. A cisternal vestibular schwannoma growing exclusively in the cerebellopontine cistern has no intrameatal tumor extension, and so causes no IAM change. 31) The pneumatization in the petrous bone is extremely complicated and also shows enormous variation in extent and arrangement. 1,21) Bone-window CT can visualize complex petrous pneumatization. 29) Bone-window CT evaluation of petrous pneumatization around the IAM found no significant relationship between the IAM change and the petrous pneumatization. The increased pressure in the meatus due to vestibular schwannoma initiates the IAM change, but causes hyperemia rather than ischemia due to an inflammatory reaction in the petrous bone around the IAM, and results in bone resorption. 2, 26) Even sclerotic petrous bone without pneumatization is not resistant to bone resorption. We found no significant relationship between IAM change and sex. Osteoporosis, characterized by reduced bony strength, is prevalent among postmenopausal women. 16) However, osteoporosis of the petrous bone is not related to the IAM change. Therefore, the severity of IAM change is determined by the characteristics of the tumor rather than those of the petrous bone around the IAM.
The results of tumor removal demonstrated that postoperative hearing and facial function were worse in patients with severe IAM change, which may be explained by the technical difficulty in the removal of a large intrameatal tumor associated with such change. CSF leakage occurs in 10% of cases after suboccipital transmeatal removal of vestibular schwannoma. 9) There are two potential routes for CSF leakage, the mastoid air cells exposed by the suboccipital craniotomy and the surrounding air cells exposed by IAM opening. 7, 13, 19, 22) CSF leakage through the air cells around the IAM occurs less frequently, but is less likely to be cured by lumbar CSF drainage and may need surgical treatment. 22) Our patient with extensive destruction who developed CSF leakage through the air cells around the IAM needed surgical treatment. The air cells around the IAM are exposed preoperatively by severe IAM change. The removal of a large intrameatal tumor associated with severe IAM change needs extensive resection of the petrous bone, which increases the risk of CSF leakage. 19) Therefore, severe IAM change increases the risk of CSF leakage. ECochG, CNAP and ABR monitoring during vestibular Schwannoma surgery. Audiology 37: [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] 1998 
